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on the asphalt surface.  For Vehicle G, three sets of circle tests were conducted on the dirt surface 
and two sets were conducted on the asphalt surface. 

 

 
 

Figure 1: Steering Wheel Angle Sensor Mounted in Test Vehicle 
 
 

 
 

Figure 2: Prepared Dirt Surface after Several Tests were Completed 
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3. DISCUSSION OF TEST RESULTS 
 
Constant radius (100 ft) circle test results for the representative Operator and Passenger loading 
configuration for Vehicle F are contained in Appendix A and for Vehicle G in Appendix B. 
 
The first eight pages of Appendix A and the first five pages of Appendix B each contain test 
results from one set of circle tests, which each consists of one CW test and CCW test.  The top 
half of these pages contain time domain plots of Steer Angle, Lateral Acceleration, Speed, Roll 
Angle, and Yaw Rate.  All of the test data are sampled at 100 Hz.  For the circle test results, the 
data shown were digitally low-pass filtered to 1.0 Hz, using a phaseless, eighth-order, 
Butterworth filter.  The time domain data shown for each vehicle contain all of the data from the 
time the test driver started the data acquisition (prior to starting to move on the circle) to the time 
the test driver ended the data acquisition at the end of the test.  The thin black lines for the CW 
and CCW tests show this full range of data.  The thicker lines (red for CW and blue for CCW) 
indicate the range of data from the time the vehicle attained a speed of 4.0 mph, which is a lateral 
acceleration of 0.01 g on a 100 ft radius circle, until the maximum speed for each test was 
achieved (generally resulting in a maximum lateral acceleration of between 0.4 and 0.5 g.). 
 
The bottom half of the pages show graphs of Handwheel Steer Angle versus Ay (lateral 
acceleration).  The CW test results are in the upper right quadrants of the graphs, and the CCW 
test results are in the lower left quadrants of the graphs.  The thin red lines show data in the range 
of vehicle speeds from 4.0 mph to maximum speed achieved during each test.  For both the CW 
and CCW data, there are thicker lines indicating second-order polynomial curve fits to the data. 
The red circles on these graphs are the geometric Ackermann steer angles, a function of the 
steering ratio (K) times the wheelbase (L) divided by the circle radius (R), given by: 
 

R
LK)/180(

)mannkerAcGeometric(SW
××π=δ  

 
For Vehicle F, Pages 1 through 6 of Appendix A contain results for the six sets of circle tests on 
dirt, and Pages 7 and 8 contains results for the two sets on asphalt.  The data from the tests 
conducted on dirt are not as smooth or as repeatable as the data from the tests on the asphalt 
surface.  The graphs indicate that the driver’s steering inputs were more active (i.e., requiring 
larger magnitude steering corrections) at all test speeds for the tests conduced on dirt than on 
asphalt.  Lateral acceleration, roll angle, and yaw rate responses were also less smooth for the 
tests conducted on the dirt surface.  As the circle tests on the dirt surface progressed, slight ruts 
and ridges formed along the wheel paths of travel.  These ruts and ridges likely contributed to the 
less smooth vehicle responses and driver steering inputs. 
 
Page 9 of Appendix A shows summary curve fit results for all six sets of tests on dirt (black 
lines) and both sets of tests on asphalt (red lines) for Vehicle F.  The results for the two tests on 
asphalt are very repeatable, and they are quite similar to the results obtained for Vehicle F from 
the previous 2011 testing with outriggers.  This current testing indicates (as did the 2011 testing) 
that on asphalt, this vehicle exhibits a transition from understeer to oversteer at lateral 
acceleration levels below 0.2 g. 
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However, the six sets of tests conducted on dirt indicate varying results.  Some of the curve fit 
trends indicate understeer characteristics and some of them indicate transition to oversteer, like 
the tests on asphalt did.  The variations in the relatively large steering corrections for the tests 
conducted on dirt were the primary cause of the lack of repeatability in the trends of the 
understeer characteristic curves.  Also, the steering magnitude required at low lateral acceleration 
levels is less on the dirt surface than it is on asphalt.  This suggests that front tire tread interaction 
with the soil provides greater cornering (lateral) forces on the front axle in soil than on asphalt. 
 
Page 10 of Appendix A shows results from Set #1 tests on dirt and Set #1 tests on asphalt for 
Vehicle F.  The red lines are the underlying data, the black lines are the second-order polynomial 
curve fits to the data, and the black circles are discrete points from averaging 0.5 second intervals 
(500 samples) of handwheel angle and lateral acceleration.  Basically, this was done to see if 
using values averaged over some time range (instead of a curve fit) would provide a better 
(smoother) fit to the underlying data.  The discrete points are generally scattered around the curve 
fit lines; but the scatter is greater for the tests on the dirt surface than for the tests on asphalt. 
 
For Vehicle G, pages 1 through 3 of Appendix B contain results for the three sets of circle tests 
on dirt and pages 4 and 5 contain results for the two sets on asphalt.  As was the case for Vehicle 
F, the data from the tests conducted on dirt are not as smooth or as repeatable as the data from the 
tests on the asphalt surface.  Again, the graphs indicate that the driver’s steering inputs were 
more active (i.e., requiring larger magnitude steering corrections) at all test speeds for the tests 
conducted on dirt than on asphalt.  Lateral acceleration, roll angle, and yaw rate responses were 
also less smooth for the tests conducted on the dirt surface.  As the circle tests on the dirt surface 
progressed, slight ruts and ridges formed along the wheel paths of travel.  These ruts and ridges 
likely contributed to the less smooth vehicle responses and driver steering inputs. 
 
Page 6 of Appendix B shows summary curve fit results for all three sets of tests on dirt (black 
lines) and both sets of tests on asphalt (red lines) for Vehicle G.  The results for the two tests on 
asphalt are very repeatable, and they are quite similar to the results obtained for Vehicle G from 
the previous 2011 testing with outriggers.  This current testing indicates (as did the 2011 testing) 
that on asphalt, this vehicle exhibits understeer at all lateral acceleration levels. 
 
However, the three sets of tests conducted on dirt indicate varying results.  Some of the curve fit 
trends indicate transition to oversteer and some of them indicate understeer at all lateral levels, 
like the tests on asphalt did.  For the tests conducted on dirt, the variations in the relatively large 
steering corrections were the primary cause for the lack of repeatability in the trends of the 
understeer characteristic curves.  
 
Page 7 of Appendix B shows results from Set #1 tests on dirt and Set #1 tests on asphalt for 
Vehicle G.  The red lines are the underlying data, the black lines are the second-order polynomial 
curve fits to the data, and the black circles are discrete points from averaging 0.5 second intervals 
(500 samples) of handwheel angle and lateral acceleration.  The discrete points are generally 
scattered around the curve fit lines; but again, the scatter is greater for the tests on the dirt surface 
than for the tests on asphalt. 
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